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Time Series Analysis of Data for Raingauge
Networks in the Southwest

M. H. Nichols
L. J. Lane
R. Gibbons

Abstract—The ability to evaluate ahrubland ecosystem dynamics

in a dunging environment require* a historical perspective and

quantitative analysis of one of the primary ecosystem inputs,

precipitation. Historical time series of precipitation data collected

from 25 raingauges on the USDA Jornada Experimental Range

since as early as 1916 are examined. Time series analyses are
conducted toteatfortrends, autocorrelation, and periodicities in the

data and establish an association between mean annual precipita

tion and time. These results are compared with precipitation data

from the Walnut Gulch Experimental Watershed and records from

26 raingauges ontheSanta Rita Experimental Range inSoutheast

ern Arizona. Because segments of the historic record can reveal

increasing annual precipitation, decreasing annual precipitation,

or no trend in annual precipitation, caution must be exercised in

attempting to assign either natural variations in weather and

climateor rangeland use and managementpractices as the causeof

changes in vegetation over time.

Research conducted on experimental ranges and water

sheds such as the Jornada Experimental Range near Las

Cruces, New Mexico, the Santa Rita Experimental Range

nearTucson, Arizona, and more recently theWalnut Gulch
Experimental Watershed near Tombstone, Arizona to ad

dress management of arid and semiarid rangelands in the
eouthwesteraUShasresultedinextenaivemultidisdplinaiy

databases. During the past century changes in vegetation
havebeendocumented at all three sites. Thesechanges may

be a response of desert vegetation communities to gradual
changes in climate and seasonal precipitation patterns, or

changes associated with land use and management. The

ability to evaluate shrubland ecosystem dynamics in a

changingenvironment requires a historical perspective and
quantitative analysis of one of the primary ecosystem in

puts, precipitation.

The purpose ofthis paper is to describe temporal changes
inprecipitationmeasuredoverraingaugenetworksatrange-

lands sites in the Chihuahuan Desert and the Sonoran

Desert, and at a site located in the transition zone between
the two deserts.

In: Barrow, Jerrjr R; McArthur, B. Durant; Soaebee, Ronald &; Tauech,
Robin J., eomps. 1996. Proceeding* ihrubland ecosystem dynamic" in a
changing environment; 1995 May 23-26; Las Cruce*. NM. Gen. Tech. Rep.
INT-GTR-338. Ogden. OT: VS. Department ofAgriculture. Forest Service.
Intennountain Research Station.
The author* are Hydraulic Engineer and Research Leader, Southwest

Watershed Research Center. Timon, Arizona, and Hydrologirt (retired),
Jornada Experimental Range, Las Crueea, New Mexico, respectively.

Site Descriptions

Figure 1 shows the locations ofthree experimental areas

discussed in this paper.

Walnut Gulch Experimental Watershed,

Tombstone, Arizona

An extensive hydrologic database has been developed on

the 160 sq km Walnut Gulch Experimental Watershed in
Southeastern Arizona. The watershed is located in the

transition zone between the Sonoran and Chihuahuan

Deserts and is representative of approximately 60 million
hectaresofbruahandgrasscoveredrangelandfoundthrough

out the semiarid southwest (Renaxd and others 1993). Al

though initially instrumented to address water supply is
sues, the watershed has been the site of multidiedplinary

research and database development since the late 1960's.

Precipitation, runoff, sediment, topographic, channel net

works, vegetation, soils, and landuse data have been col
lected. Arecordingraingauge networkwas initiatedin 1954

to quantify and characterise precipitation on the Walnut
Gulch Watershed. Continuous precipitation data currently

are recorded by 85,24 hour time scale, raingauges.

Vegetation on the watershed has changed from a graas-

landtoawatershedthatisdominatedbyshrubsonthelower

Vj ofthe watershed during the past century (Hastings and

Turner 1965). Shrub canopy ranges from 30-40% and grass
canopy cover ranges from 10-80%. Shrub species include

creosote bush (lama tridtntata), whitethorn (Acacia

constrieta), tarbush (Flouretuia cernua), snakeweed

(Xanthocephalum sorothnu), and burroweed tfsocoma

tenuisecta). Grasses include black grama (Bouteloua

eriopoda), blue grama (Bouteloua grocilu), sideoats grama
(B<tort^fZ)bhhl(WWcn!wfsiaporten)

and T*»*""»"" lovegrass UZmgmstia lehmanniana).

Jornada Experimental Range near

Las Cruces, New Mexico

The 800 sq km Jornada Experimental Range (JER) is a

site for research to determine the processes resulting in
desertificaticmofsemiaridgrasalandsandassociatedchangeB

in ecosystem properties. TheJornada Experimental Range
is located on the northern edge ofthe Chihuahuan Desert.

The Chihuahuan Desert is separated from the Sonoran

Desert by a high plain at the lower end of the Rocky
Mountains that separates southeastern Arizona and south

western New Mexico.
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MajorgrassesontheJERincludeblackgrama(Bouteloua

eriopoda), mesa dropseed (Sponbohu flexuosut), and red

threeawn(Aristidapufpuna var. longiseta). Shrubsinclude

honeymesquite(ProsopUglandulosavar.glandulosa), four-

wing saltbush (Airiplex canescens), soaptree yucca (Yucca

data), and snakeweed. Brush invasion on the range has

converted muchofthe grass covered range to shrub covered

range (Buffington and Herbel, 1965). Precipitation data

havebeen collected usingweighingbucketraingaugea since

1916attheJERheadquarters. Additionaldatacollectionfor

shorterperiods has taken placeatotherlocationsontheJER.

Santa Rita Experimental Range near

Tucson, Arizona

Researchbegan on the 200 sqkm Santa Rita Experimen

tal Range (SRER) in 1903 to investigate themanagementof

semiaridrangelands.Therangeiscurrentlymanagedbythe

University ofArizona and is used for ecological and range-

land research.TheSRERisrepresentativeofabout8million

hectares ofsemi-desert grass-shrub ecosystems insouthern

Arizona, New Mexico, and Texas (Martin and Cable 1975).

Monthlyprecipitation datahavebeen collectedsince 1923

from weighing bucket gauges. A total of 25 annual precipi

tation records were analyzed, including 11 records for the

time period 1923-1991.

Methods

Time Series Analysis

Linear trend analyses are conducted to test and quantify

long term changes in annual precipitation with time. For

eachgaugeannualprecipitationtotalswereregressedagainst

time using the simple linear regression model. Using this
model, a mgpifi«i>nt trend is represented by a statistically

the P-value for the slope is <0.05.

As previously reported, data from 6 Walnut Gulch

raingaugeB with continuous 35year records wereexamined

forlineartrends(Nicholsandothers 1993).Atotalof25JER

continuous records with time periods ranging from 21 to 76

years (table 1), and 25 continuous records from SRER with

time periods from 20 to 69 years were examined for linear
trends(table 2).TheslopeandcorrespondingP-valuesofthe

linear trend are shown in tables 1 and 2 for each JER and
SRERrecord examined. The P-value indicates the smallest
valueofasuchthatthe(l-a)confidenceintervalforthe slope

does not include 0. Thus, the slope is significant at all

confidence levels less than (1-a).

Autocorrelation analyses are conducted to examine sea

sonal and stochastic components of the time series. The

autocorrelation coefficient i\ of a time series is the serial
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Table 1—Summary of Jornada Experimental Range Ralngauge

precipitation and linear trend analysis.

Gauge name

Headquarter*

West Wen

Red Lake

Dona Anna

Middle Wefl

Road Tank

Stuart

Yucca

Aristkta

Brown Tank

New VVefl

Rabbit

Restoration

Co-op Well

Ash Canyon

Mesqurte

Taylor Wefl

Antetope

Parker

Exd A

ExdB

NEExd
BER

Past 2

IBP

Period of

record

1015-1900

1918-1001

1016-1001

1026-1900

1026-1000

1026-1000

1026-1000

1026-1000

1027-1000

1027-1000

1027-1000

1027-1090

1034-1000

1037-1000

1037-1076

1037-1090

1037-1000

1036-1000

1042-1000

1050-1000

1959-1980

1059-1990

1961-1900

1065-1000

1070-1000

Meanppt

(mm/yr)

241.1

225.1

207.7

236.2

223.0

2392

255.S

224.0

216.0

222.8

270.4

235.8

227.1

210.8

321.0

211.3

227.3

221.6

226.0

243.5

226.3

237.5

2322

244.7

226.6

Variance

(mnvyr)

283.6

282.0

321.7

270.3

356.4

333.5

336.7

241.6

278.0

231.6

317.8

304.0

323.3

212.8

390.1

278.6

236.4

351.4

274.5

171.4

205.0

208.8

150.8

271.6

200.1

Linear trend

8lope

0.813

0.406

1210

1.002

0.550

0.014

1.016

0.432

0.001

0.406

0.864

1.524

2.083

0.014

0.533

1.056

1.400

2.134

3.404

1.727

1.854

2.806

0.686

3.150

1.321

P value

.068

.366

.013'

.046*

.385

.132

.100

.421

.081

.420

.157

.010'

.003'

.160

.605

.007*

.025*

.010*

J001*

.176

209

.036*

.603

.150

.622

linear trend with time in years significant at the 05% confidence
level.

Table 2—Summary of Santa Rita Experimental Range precipitation
and linear trend analysis.

Gauge name

Florida

Box

Desert Station

Eriopoda

Forest

Kuerfano

Muhlenbergia

NW

Parker

Road

WhKehouse

ISO

164

205

41

45

Amado

Desert Grass

Desert Rim

Gravely Ridge
Limestone

McGfobon

Pa 11A

PAS 21

PAS 3

Period of

record

1023-1001

1023-1001

1023-1001

1023-1001

1023-1001

1023-1901

1023-1991

1923-1001

1923-1091

1023-1901

1023-1991

1030-1982

1040-1001

1047-1082

1072-1001

1037-1091

1067-1901

1033-1091

1035-1001

1032-1091

1965-1001

1047-1091

1071-1082

1971-1991

1071-1001

Meanppt

(mm/yr)

542.6

383.6

312.0

364.0

448.6

371.7

341.5

200.6

436.7

373.6

417.8

360.5

300.8

344.4

419.0

3602

330.1

103.4

318.8

321.3

3632

486.1

334.1

408.9

304.9

Variance

(mm/yr)

' 884.7
502.9

353.8

385.5

6585

453.0

363.4

208.4

572.7-

395.0

5552

273.0

3212

310.8

735.3

366.4

456.3

413.0

309.6

3362

3262

743.1

254.3

4802

358.1

Linear trend

Slope

2.057

1.753

1245

1.400

0.762

1245

1524

1.651

0.483

0.880

0.737

2.108

0.686

3.556

5.004

2286

3.150

1245

1.016

0.686

2286

4.600

6.740

6248

2.845

ACS/ »uJ

P value

.021*

.000*

.028*

.011*

.328

.047*

.007*

.001*

507

.143

.316

.032*

.410

.011*

270

.004'

.301

.112

.182

.316

.325

.002*

.420

.110

.421

correlation coefficientofthe firstN-kyears ofthe series with

the last N-k years, and the autocorrelation function is

defined by rflc) ■ rk. Autocorrelation coeflidenta axe consid

ered significant ifthey lie outside the 95% confidence inter

val for the autocorrelation coefficients of a random time

series which is given by

((± 1.96 • V (N-k-DM) / N-k

It should be noted, however, that even for a random time

series it is expected that 1 in 20 autocorrelation coefficients

will appear significant at the 96% confidence level. The
seasonal (periodic), stochastic, or random component* of a
time series common in hydrologic processes are revealed by
the presence or absence ofcharacteristic significant contri

bution to the autocorrelation function (each has a particular

shape). For each gauge the autocorrelation function of the

time series of annual values was computed and plotted

together with the 95% confidence bands.

Spectral density analyses are conducted to compliment

autocorrelation analysis. The spectral density function is

definedastheFouriercosinetransformoftheautocorrelation

function. Itis useful for detectingperiodidtiea which are not

multiples of the fundamental frequency (fundamental fre

quency is 1 year for our analyses). For an interval in the

frequency domain the relative area under the spectral den

sity curve is a measure ofthe amountofthe variation ofthe

series accounted for by frequendes in that interval. Thus,

broad peaks in the spectral density function may indicate

significant periods in the time series. The spectral density

function was calculated and plotted for each time series of

annual values.

Autocorrelation and spectral density analyses were con

ducted on records from 1956-1990 at all three sites. Addi

tional autocorrelation and spectral density analyses were

conducted on the longest available recordsatJERandSRER

includinglrecordfrom 1915-1990,2records from 1918-1991,

6 recordsfrom 1926-1990and4 recordsfrom 1927-1990atJER

(table 3), and 11 records from 1923-1991 at SRER (table 4).

Results and Discussion

level

Previous analyses of predpitation data collected on the

Walnut Gulch Experimental Watershed have shown that

interpretations of linear trends depends on the period of

recordexamined(Nicholsandothers 1993).Thelongesttime

period evaluated was 1956-1990, a 35 year period that

included drought years during the 1950*8 as well as later

years of above average predpitation in the 1980*8. The 6

recordsexamined revealedsignificantpositivelineartrends

with time (PS.10).

As previously reported, spectral density analyses did not

reveal any consistently dominant periods in the Walnut

Gulchrecordsfrom 1956-1990. Subsetsconsistingofrecords

from 1956-1990 were analyzed for the 12 longest records

available from the JER, and for the 11 longest available

records from the SRER. In contrast to results oftheWalnut

Gulch analysis, there is a suggestion ofa 3year cycle in the

1956-1990 records from both the JERand the SRER.

Because the 1956-1990 records are comparatively short,

the analyses have been extended to the JER and SRER

predpitation records that are available for 76 and 69 years

respectively. The analyses ofthe long termJER and SRER

records are described in the following sections.
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Table 3—Summary of spectral density analysis of long record JER

ralngauges.

Period of Apparent periodicity (yew)

Gauge record Raw data Without linear trend

Headquarters

West WeH

Red Lake
Dona Anna

Middle Well

Road Tank

Stuart

Yucca

Arlstida

Brown Tank

New Wen

Rabbit

1915-1000

1018-1001

1018-1001

1026-1000

1026-1000

1026-1000

1026-1000

1026-1000

1027-1000

1027-1000

1027-1000

1027-1000

76,36.3

18.15.3

74.37.6.2

64.16.5.3

64.32.3.2

64.32.13.5.3

64.32.16,21.5

64,16.13.3

64.32.21.4,3

64,32.3

64,32.0.3

64.32.3

74.37,65

64,16,0,3

64,32,3

tin

t

•.it

o.t

-0.1

\fAA^

Flgur* 3—Aulocorre»ation->JER Headquarters ralngauge.

Table 4—Summary of spectral density analysis of long record

SRER ralngauges. , dandty

Period of App dicity (years)

Gauge

Florida

Box

Desert Station

Eriopoda

Forest

Huerfano

MuNenbergia

NW

Parker

Road

Whltehouse

record

1923-1090

1023-1090

1023-1990

1023-1990

1023-1000

1023-1090

1023-1090

1923-1990

1923-1900

1023-1990

1923-1990

Raw data

68.34.3.6.

68.5.3

66,5.6

68.53

233
70.35.5.4

68,6,5.3

68.6.5.3

4.3

68.34,6.5

34.6.5.4

Without linear trend

34.63.4

53
7.6.5.3

53

70.35.5.4

6,5,3
7.6.5,3

Jornada Experimental Range

Overall9ofthe25 recordsevaluatedhaveapositivelinear

trend with time (p £ 0.05) (table 1). Figure 2 is a plot of
annual precipitation recorded at the JER Headquarters

raingauge.The linear trend is shown for the entire record as
well as for the period from 1915 to 1960. The 1915-1960

decrease is an apparent short term oscillation in a time

series that increased over the period from 1915-1990.

ieo

Figure 2—JER Headquarters raingauge showing

Gnear trends from 1015-1090 and 1015-1960.

fnq • eyeU«/)r««r

Figure 4—Spectral denaty-^JER Headquarters raingauge.

Figures 3 and 4 show the autocorrelation and spectral

density plots for the JER Headquarters raingauge. These
plots are representative of the JER annual precipitation
records. Althoughthere are significantautocorrelationcoef

ficients and corresponding peaks in the spectral density

function, their occurrence is not unexpected in a random
time series. However, there is a suggestion ofa3yearperiod

based on the occurrence of a 3 year cycle in 10 of the 12

records examined (table 3).

Santa Rita Experimental Range

Overall 11 of25 records show a significantpositive linear

trend with time (P S 0.05). Ofthe 11 longest records (1923-
1991), 7 have a significant positive linear trend with time

(table 2). Autocorrelation and spectral density analyses of
the 1923-1991SRERrecords8uggestapossible3yearperiod

(table 4).

Preliminary spectral density data for JER and SRER are
summarizedintables3and4,reapectively.Ineachtablethe

prominent peaks are listed for each record examined. In
addition, records that revealed a significant linear trend
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Figure 5—Oisiribotion of raingauges with <inear trends—Santa Rita Experimental

Range and Jornada Experimental Range.

withtime werereanalyzed afterbeingdetrended,andpromi-

nent peaks are listed for the detrended records. Note that
apparent periodicities listed in the tables are calculated as

I/frequency and are rounded to whole years.

The spatial distributions of the 25 JER and 25 SRER
raingauges showing significant trends and no significant
trends plotted in figure 5 do not reveal any obvious spatial

pattern in the distributions.

Conclusions

The particular period of record examined greatly influ

ences interpretations of trends in precipitation records.
Therefore.longtermhistoricalrecordsarerequiredtodeter

mine the effects of drought and periods of above average

precipitation on vegetation changes over time, as well as to
predict the future response ofvegetation to climate change.

Precipitation records from 1956-1990 atWalnutGulch do

not reveal any dominant cycles, however records from the
JER and SRER for the same time period suggest a 3 year

cycle. A 3 year cycle in annual precipitation was also found
during analyses of the longest available records from the

JERand the SRER. In additionto total annual precipitation

amount, the timing and distribution of precipitation in
semiarid regions impact the germination, establishment,

rate of growth, length of life and seeding characteristics of

grasses and shrubs. Additional analyses are required to

evaluate changes in the timing, intensity, or distribution of
precipitation thatmaybe reflected inchanges invegetation.
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